Introduction
Symptomatic thoracic stenosis is uncommon in contrast to cervical and lumbar stenosis. Ossification of ligamentum flavum (OLF) is the most common cause of thoracic myelopathy in our locality. Complexity of symptomatology often leads to delay in diagnosis and subsequent treatment. 1, 2 Surgical decompression is recommended for thoracic myelopathy. 3e8 Despite good posterior decompression of thoracic myelopathy, recovery rate varies widely from 25% to 100%. 4, 9 The purpose of this retrospective review is to assess the clinical features and surgical outcomes of thoracic myelopathy secondary to OLF through a review of the available literature and to integrate a perspective of management in our institution.
Methods

Patients
The records of all patients with symptomatic thoracic spinal stenosis secondary to OLF who underwent operative treatment in our institution between January 1999 and December 2013 were retrospectively reviewed. Patients with thoracic stenosis secondary to infection, haemorrhage, tumour, or trauma were excluded. Patients with OLF with symptom onset after trauma were also excluded. Diagnosis of thoracic myelopathy was established on clinical symptoms, physical examination, and imaging studies. Relevant clinical features included tightness around the trunk, numbness and sensory deficitis in the lower extremities, weakness in the lower extremities, altered proprioceptive sensation, 2,10 gait disturbance, and sphincter dysfunction. Other positive physical examinations consisted of increased lower extremities muscle tone and deep tendon reflexes, and presence of pathological reflexes. Plain radiographs of the thoracic spine were performed to rule out fractures. Computer tomography was arranged to confirm the presence of OLF and the type of OLF (Figures 1 and 2) , and to look for ossification of dura. Magnetic resonance imaging was used to detect signal changes in the spinal cord. Other clinical factors were also reported, such as sex, age, number of levels involved, and other combined spinal disorders.
Preoperative clinical evaluation
The preoperative duration between the onset of symptoms and time of surgery was determined from medical records. Patients were divided among the following groups: (1) duration of < 6 months; (2) from 6 months to 1 year; (3) from 13 months to 2 years; and (4) > 2 years. The neurological status was assessed by an independent observer with the Frankel classification (Table 1) and modified Japanese Orthopaedic Association (JOA) scale for thoracic myelopathy ( Table 2 ). The maximum JOA score of 11 indicated normal function.
Surgical approaches and outcomes
Information on levels of involvement, surgical procedures and complications, postoperative Frankel classification and JOA score, and history of additional spinal surgeries were extracted from medical and operative records. The levels included in decompression correspond to signal changes on magnetic resonance imaging. Decompression was performed in all patients by the same team of experienced spine surgeons. Concomitant posterior spinal instrumented fusion was also implemented in selected patients with the use of transpedicular screws and longitudinal rods to restore normal spinal alignment and maintain spinal stability. Surgical outcomes were presented as the recovery rate calculated from the Hirabayashi formula:
(postoperative JOA score e preoperative JOA score)/ (11 e preoperative JOA score) Â 100 (1) 
Statistical analysis
Data were analysed with nonparametric tests. A p value < 0.05 was considered statistically significant. Analysis was performed using SPSS for Windows, version 17.0 (SPSS Inc., Chicago, IL, USA).
Results
Clinical features
A total of 31 patients underwent surgery for symptomatic thoracic stenosis secondary to OLF in our institution during the period. Five patients were excluded because of presentation after trauma. The remaining 26 patients (19 men and 7 women) were included in our review. The mean age at surgery was 59.8 years in men (range, 45e84 years) and 57.7 years in women (range, 50e73 years); 84.6% of these patients were older than 50 years. Fifty percent of patients presented with < 6 months of symptoms; those who presented symptoms from 6 months to 1 year accounted for 19.2%; from 1 year to 2 years, 11.5%; and > 2 years, 19.2%. Preoperative symptoms were variable (Table 3) . Five patients had diffuse idiopathic skeletal hyperostosis. Four patients had undergone previous cervical surgery, and three patients had undergone previous lumbar surgery.
Radiographic analysis
The mean number of involved levels was 1.7 (range, 1e5). Thirteen patients (50%) had single-level involvement, two levels were involved in nine patients (34.6%), three levels were involved in three patients (11.5%), and five levels were involved in one patient (3.8%). Twenty patients had nonfused-type OLF, whereas fused-type OLF was found in six patients. Of the total 45 ossified levels, the most commonly involved levels were T10/T11 (31.1%), T9/T10 (20%), and T11/T12 (15.6%) ( Figure 3 ). Among these 26 patients, two patients had concomitant protruded thoracic intervertebral disc (7.7%), two patients had concomitant ossified posterior longitudinal ligament (OPLL; 7.7%), and one patient had concomitant posterior marginal bone spur (3.8%).
Neurological assessment and surgical outcomes
Neurological status was scored prior to the surgery, regularly postoperatively, and at the most recent follow-up examination. Twenty-two patients had Frankel grade D preoperatively and four patients Frankel grade C. Five patients (19.2%) had mild myelopathy (JOA score, ! 7); 17 patients (65.4%) had moderate myelopathy (JOA score, 4e6), whereas four patients (15.4%) had severe myelopathy (JOA, 3). The mean preoperative JOA score was 5.1 (range, 2e8; Table 4 ).
Of the six patients with OLF fused in the midline, five (83.3%) were noted to have dural adhesion intraoperatively. Among the 20 patients with nonfused type of OLF, only six patients (30%) had dural adhesion.
All patients received decompression via the posterior approach ( Table 5 ). Level identification was performed with a metal marker inserted into the spinous process under an image intensifier. A midline longitudinal approach was adopted. Laminectomy was performed after adhesion freed from the dural sac (Figures 4e7). Four patients had OLF beyond surgical separation, so we opted for floatation of OLF. None had artificial dura inserted. Two patients received concomitant instrumented fusion. One patient with combined prolapsed intervertebral disc and OLF at T10/T11 received laminectomy and T10 transpedicular approach for partial discectomy. He received supplementary instrumented posterior spinal fusion from T10 to T12. The other patient with combined OLF and OPLL at T3/4, T4/5 underwent T3 to T5 laminectomy with T1 to T7 posterior instrumented fusion. This was based on previous experience of worse outcome of decompression alone in combined OLF and OPLL. 11e13 The mean follow-up period was 71.3 months (range, 11e188 months). The surgical outcomes were maintained throughout the follow-up period except for the cases mentioned in the following section. Two patients (7.7%) were observed to have deterioration in Frankel grade, whereas eight patients (30.8%) showed improvement. The mean JOA score at the latest follow-up was 6.9 (range, 2e11), which demonstrated a statistically significant improvement ( Table 6 ). The recovery rate was 24.4% (range, from e50% to 100%). A negative recovery rate was noted in five patients (19.2%), and a recovery rate of > 50% was observed in six patients (23.1%).
Number of involved levels
Complications and additional surgical interventions
Two patients (7.7%) suffered from early postoperative neurological deterioration secondary to epidural haematoma formation that required urgent surgical evacuation of haematoma. One of these patients, who was taking aspirin for history of ischaemic heart disease, underwent laminectomy for T7/T8 fused-type OLF. The intraoperative findings of exploration included epidural haematoma at the laminectomy site with generalised oozing in the epidural space and no single bleeder identified. On the latest follow-up, the patient's condition improved from preoperative Frankel grade C and JOA score of 3 to Frankel grade D and JOA score of 6 postoperatively. The other patient underwent fenestration for T9/T10 nonfused-type OLF. The intraoperative findings included epidural haematoma over T7eT10 with inadequate decompression at T9/T10 and oozing from the surrounding soft tissue. Recurrent Figure 4 . In the majority of cases, the dura is not adhered to the ossification of ligamentum flavum (OLF) in the midline. Therefore, decompressive laminectomy is started with creating a midline trough. Four patients (15.4%) were complicated with intraoperative dural tear, which was primarily repaired with the water-tight technique. All leakages healed without major sequelae. Two patients were associated with fused-type OLF. There were no hardware complications of instrumentations or any postoperative infection.
Five patients (19.2%) underwent additional surgeries for coexisting spinal disorders. One patient underwent laminoplasty for cervical myelopathy at the same setting, and one patient underwent cervical laminoplasty at a later date. Two patients underwent lumbar decompression at the same operation. One patient underwent a subsequent surgery for OLF-related myelopathy at a different thoracic level.
One patient (3.8%) progressively deteriorated from postoperative Frankel grade D to Frankel grade C in the latest assessment. His ambulation was limited by significant osteoarthrosis of the bilateral knee, for which he refused any operative intervention.
Discussion
Degenerative spinal stenosis in the thoracic region is much less commonly encountered than in the cervical and lumbar spine. The contributing factors include OLF, OPLL, prolapsed intervertebral disc, and posterior marginal spur. Coexisting spinal disorders in the cervical or lumbar spine may also be present. It has been reported that OLF is the most common cause of thoracic myelopathy in our locality. 14e16 OLF was first described in the late 1920s. 17 It is more prevalent in Asians and reported mainly in Japanese patients. 1, 3, 15, 16 The overall prevalence of OLF within the southern Chinese population is 3.8%. 18 Within the thoracic spine, OLF is commonly found in the middle and lower thoracic regions.
Diagnosis of thoracic myelopathy tends to be delayed because of its complex neurological manifestations and rarity. 2 Increased lower extremities muscle tone and deep tendon reflexes, and presence of pathological reflexes indicate myelopathy. However, these are more frequently recognised in, and associated with, cervical myelopathy. Weakness, pain, or sensory deficit in lower extremities and sphincter dysfunction sometimes mimic lumbar disorders. As a result, the neurological manifestations from thoracic myelopathy are sometimes misdiagnosed as cervical or lumbar disorders. Altered sensations of light touch, pain, temperature, vibration, and proprioception correspond to the dysfunction of the spinal cord tracts. Proprioception is one way to examine the deep senses that are carried in the dorsal column in the spinal cord. Thus, inability to detect joint position in space reflects dysfunction of the dorsal column. OLF is in the posterior part of the spinal canal; consequently, it may easily cause dorsal column dysfunction. Proprioception is important as altered joint position sensation causes gait disturbance. It sometimes also gives the wrong impression of subjective weakness in the lower extremities when normal muscle strength is elicited in physical examination. Therefore, impairment of proprioception in the big toe may be an important sign in the diagnosis of thoracic myelopathy. Takenaka et al 2 reported symptoms specific to anatomical pathology or compressed segments in thoracic myelopathy. These may also aid in diagnosis and initial investigations.
Misdiagnosis inevitably leads to a prolonged preoperative disease duration, which can cause irreversible neurological damage and unnecessary surgical procedures. Half of our patients were diagnosed within 6 months. Various studies demonstrated that preoperative JOA score and preoperative duration of symptoms were important predictors for the clinical outcome. 14,19e21 However, we could not reproduce such correlation in our series. This could be attributable to our small sample size or initial inaccurate diagnosis.
Conservative management has been demonstrated ineffective for symptomatic patients. 4 Decompression has proven effective in the treatment of thoracic OLF. 5, 7, 8, 20 Patients with a shorter preoperative duration of symptoms experienced significantly better neurological outcomes. 14,19e21 This emphasises the importance of early diagnosis and prompt surgical decompression in thoracic myelopathy.
However, surgical intervention is not without challenges. In view of frequent dural adhesions to the OLF, dural tears are not uncommon, 5, 22 particularly in cases where the dura mater is ossified. Computer tomography can define the contour of the OLF and demonstrate ossification of dura mater. Several attempts have been made in classification of morphology of OLF. Sato et al 23 proposed to classify OLF into five types: lateral type, extended type, enlarged type, fused type, and tuberous type. Kuh et al 24 introduced the beak and round type classification. We classified OLF depending on whether it is fused in the midline. We noticed a higher rate of dural adhesion for the fused type (83%) compared with the nonfused type (30%) in our series. This could signify higher chances of intraoperative dural tear. We reported four cases of dural tear, wherein three occurred with dural adhesion noted, and two of which have fused-type OLF. We adopted the floatation technique for those with dense adhesion deemed inseparable.
Another postoperative complication is epidural haematoma, whichdalthough raredcould lead to devastating neurological consequences. Two patients in our series had early neurological deterioration because of such complications and required exploration with surgical evacuation. One of them was on aspirin prior to the operation. Nevertheless, the source of bleeding accounting for the postoperative haematoma was never ascertained. Awad et al 25 identified significant risk factors. Preoperative risk factors include age of > 60 years, use of nonsteroidal anti-inflammatory drugs, and Rh-positive blood type. The intraoperative risk factors include multilevel surgery, haemoglobin level of < 10 g/dL, and blood loss of > 1 L. The postoperative risk factor includes an international normalised ratio of > 2.0 within the first 48 hours.
Neurological deficits usually persist even after successful decompression. 5, 6 The compromised spinal cord at the site of compression is vulnerable to further damage during surgery. Possible causes include greater spinal cord/spinal canal ratio and the "watershed zone" because of poor blood supply. Multiple Table 6 Summary of postoperative JOA score relative to various factors*
Factors
JOA score (range) Recovery rate, % (range) Sex Male 6.7 (2e11) 21.0 (e50 to 100) Female 7 (4e10) 27.5 (e25 to 86) Age 50 y 6.9 (2e11) 35.6 (e50 to 100) >50 y 6.9 (4e10) 23.6 (e50 to 86) Preoperative duration of symptoms <6 mo 6.8 (4e10) 21.8 (e20 to 80) 6 moe1 y 6.8 (4e10) 24.4 (e25 to 86) 13 moe2 y 5.9 (2e9) 0.6 (e25 to 33) >2 y 6.6 (5e11) 19.1 (e50 to 100) Type of OLF Nonfused 6.9 (2e11) 26.5 (e50 to 100) Fused 6.7 (4e8) 26.6 (0e57)
JOA ¼ Japanese Orthopaedic Association; OLF ¼ ossification of ligamentum flavum. * None of the subgroup demonstrated statistically significant difference. prognostic factors, including duration of symptoms, deep tendon reflexes, cord signal changes, type of OLF, and preoperative neurological status, have been evaluated. This further reinforces the importance of early diagnosis and treatment to prevent further neurological deterioration and improve functional outcomes.
Conclusion
OLF is the most common cause of thoracic myelopathy in our locality. Early accurate diagnosis and adequate surgical decompression are essential for favourable outcomes despite operative difficulties and possible complications.
